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A very interesting enslysis of the stubility of mincralogic phases

(Vesh M X~ 5112)

on the surface of Venus has rccently been presented by Mueller {(1).
Such & priori considerations serve to test the validity or petrologic
concepts in addition to providing s framework for formulating significant
investigations to be carried out by planetory probes. The purpose oi' this
paper 1s to offer s&n extension of Mueller's ideas and to criticize
severcl minor points in his paper. The possible exi tCuCC of puols of
carbonzie lava on the surface of Venus will be discussed.® The TOYSL0-
chemical conditions assumed by Mueller will be accepted as o basis Jor
this discussion. The surface temperature is oonsidered to be 7C0%K cxnd
the totzl pressure equal to 10 atm with a relatively lerge amount of COz
and sm:zll asmount of HzO0.

Czalcium carbonate is probably unstable in the presence of silico
under these conditions since Weeks' calculations (2) (which agree, ot
high temperatures, with the experimental determinations of Harker an.
Tuttic (3) ) indicate that a partial pressure of 47 athOa is roquir
to prevent reaction of these components. (Effects due to the activiuy
coefficient and the total pressure on the solid phases are considercd
negligible due to the low pressures involved and the other severe
spproxinations in the discussion.) HMueller's stetement that the phases
night coexist stably mey be correct if the COz pressure is greater or
the temperaturc 18 less than we assume.

‘ A rigid interpretation of Mueller's statement that the CC. vrescure
over magnesite and dolomite 1s much greater than that supposcen vor the
pres. are of Venus cennot be made since Weeks' data indicate <.t &
prescguce of only 0.6 8'th02 is requircd to maintaln the stubiilcy oif
dolonite and L.4 atmcoz can maintain mognesite stable. lucllic:r's I slieit
suggeswion, that the pressures required to malntain the stob 1ity oo
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megnesium carbonates in the prescnee of silica Is much grouter than the
assumed surface pressure of Veaus, is, however, correcv.
Aithough the failure of the carbonation equilibria ol 1Mz3510; and

ther silicate phases such as CaSiQs, CalMgSioOg, etc. may occur at €Oz
pressures too high to be compatible with the hypothesis that sny of

these control the pressure at the surface of Venus whereas siuilar
cquilibria involving CaMg(COsz)z and MzCOs moy be et pressures too Low,
Bowen's decarbonation series (&) offers many carbonation equilibries, some
of which may occur at temperstures and pressures similar to thosc proposed
for Venus. These, then, would be the ‘buffer'' reactions waick, if CO-
rregssures tended to be low, would undergo decarbonation or, couverscely,
would curbonate under high CO» pressures. In thls gense, lhere are
wutusl relationships among the temperatures as suggested by Muc.iler, the
equilibris as suggested by Sagan (5) and the pressure. IL nust Le
remembsred that the curvature of many of Weeks' P-T eurves iz sorongest
srecizely in the 700°%K region. Relatlvely minor varietion: in the
surfece temperature, the composition of the vapor or the coupcsition of
the soiid phases may be reflected in considerable changes in Lo preosures
of the corbonation equilibria. Thus the physlochemical parcmoc.rs
Lecome increasingly significant and the experimental determination oo
the carbonation equilibria involved becames more lmportant.

Extrupolation of the high-temperature experimental data (6€) to TCU%K

indicates that the reactions:

Cealir51i0g + M828104 + 2CaC0s = 3CaMzS10, + 2C0z eand,
Diopside Forsterite Calelte Monticelilte

3;’3@1381206 + C&CO:; = C&gM&SigO"( + CO, ’
Diopside Calcite Akermanite
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are, at this temperature, in equilibrium at epproximetely 10 ata. It
may be that these reactions buifer the COz pressure of the atmosphere
of Venus.

The exlstence of carbonate melts on the surfoce of Vemus wust also
be considered. Wyllie and Tuttle (7) have found that such a meli cen be
obtained in the system CaCOs-Ca(CH)z at temperatures as low es 630°C at
a cutectic which 1s at a pressure less than 27 atm. Similerly, Gltting
end Tuttle (8) have discovered that the eutectlc in the system
M25C05-Ca{0H) s 18 at 595°C end that in the system Ca(QH)z-NanCO;-CaCOs
.t 2000 atm with 204 H,0 is at h90°C. These minivum melting tonperctures
willl be lowered, perhaps considerable, by the addition of other components
such u& XKpC03 and even MgCOs.

Recent descriptions of the active Africen volcano, Oldoin; o Lengn
(9), state that it 18 eJecting carbonate lavas which are very rich in
alkalics. Since the molten ejecta do not glow, a tempercture >css than
600°C 15 indicated. This occurrence also indlcates that the pressure
necessery to meintain & natural carbonate melt may bz quite low.

These considerations masy be quite significant in deveraining the
nature of the surface of Venus. The amount of melting at itz surface
28y be limited by the sbundance of water in the atmosphere, but decrocasing
the amounit of water should serve only to decrease the amount ol 1igquid
rather than to eliminate it. The degree of melting would e very scizitive
to temperature.

It is not considered likely that the entire surface of Venus iz
qovered by carbonate lava. The essumed temperature and low water conccatbt
of the atmosphere would permit only the lovwest-melting fraction of the
rocks to form a liquid phase. It is suggested that locally, where
temperstures way be higher and the abundance of alkalies ereater, the

arbonate lava.
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